Introduction: The purpose of this study was to evaluate the cyclic and torsional fatigue resistance of the XP-endo Shaper (FKG Dentaire, La Chaux-de-Fonds, Switzerland) and TRUShape (Dentsply Tulsa Dental Specialties, Tulsa, OK) instruments. Methods: Twenty XP-endo Shaper (30/0.01) instruments and 20 TRUShape (30/0.06v) instruments were used. Cyclic fatigue resistance was tested by measuring the number of cycles and time to fracture in an artificial stainless steel canal with a 60
angle and a 5-mm radius of curvature (n = 10). The torque and angle of rotation at failure of new instruments (n = 10) were measured according to ISO 3630-1. The fracture surface of all fragments was examined with a scanning electron microscope. Results were statistically analyzed using the Student t test at a significance level of P < .05. Results: The XP-endo Shaper instruments showed a significantly longer number of cycles to fracture and time to failure in seconds than the TRUShape instruments (P < .05). The XP-endo Shaper also presented a lower maximum torque load (P < .05) but a significantly higher angular rotation to fracture than TRUShape (P < .05). Conclusions: The XP-endo Shaper instruments showed a higher cyclic fatigue resistance and angle of rotation to fracture but lower torque to failure than TRUShape instruments. (J Endod 2018;44:168-172)
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Cyclic fatigue, fracture, torsional resistance, TRUShape, XP-endo Shaper T he introduction of nickeltitanium (NiTi) rotary instruments in endodontics has provided many advantages such as faster preparation time, cutting efficiency, and canal centering capacity compared with stainless steel hand files (1, 2) . However, despite the numerous benefits, its use presents the risk of fracture by torsional stress or cyclic fatigue, which might contribute negatively to the treatment prognosis (3) . For that reason, several approaches have been proposed to minimize the occurrence of such fractures and enhance the flexibility of the instruments (4); these strategies include changes in the cross-sectional design of instruments and the introduction of novel NiTi alloys (5, 6) .
Recently, a novel heat-treated NiTi rotary system (TRUShape 3D Conforming Files; Dentsply Tulsa Dental Specialties, Tulsa, OK) was introduced in the market. It has a characteristic longitudinal S-curve and a 0.06 taper in the apical 2 mm that regresses along the overall length. This system also presents a symmetric triangular cross section and has been claimed to promote greater preservation of dentin during canal shaping, maintaining the integrity of the root structure (7) .
Like the TRUShape system, the newly launched XP-endo Shaper instrument (FKG Dentaire, La Chaux-de-Fonds, Switzerland) consists in a rotary snake-shaped instrument made of a proprietary alloy (MaxWire, Martensite-Austenite Electropolish Flex, FKG Dentaire). Because of this new alloy, the file changes its shape according to the temperature. When cooled, in its martensitic phase, the file stands straight with a size #30 and an initial taper of 0.01. However, when submitted to body temperature, it changes to its austenitic phase assuming a snake shape that can achieve a final minimum canal preparation of 30/0.04 when using this instrument alone. According to the manufacturer, the XP-endo Shaper instrument applies minimal stress to the dentin walls, adapting easily to canal irregularities.
To date, no data are available on the mechanical properties such as torsional stress and cyclic fatigue resistance of the new XP-endo Shaper instrument. Therefore, the aim of the present study was to investigate the cyclic and torsional fatigue resistance (maximum torque load and angular rotation) of the XP-endo Shaper instruments and compare it with the TRUShape instruments. The null hypotheses tested were as follows:
1. There would be differences in cyclic fatigue fracture resistance between the instruments, 2. There would be no differences in the maximum torque load of the instruments, and 3. There would be no differences in the maximum angular rotation of the instruments.
Material and Methods
Twenty XP-endo Shaper (size #30, 0.01 initial taper) instruments and 20 TRUShape (size #30, 0.06v taper) instruments were used in this study. All instruments used were 25-mm long, with 10 instruments of each brand being used in the cyclic and torsional fatigue resistance tests. All instruments were inspected for visible defects or deformities, such as distortions or burrs in the cutting edge, before the experiment under a stereomicroscope; none were discarded.
Cyclic Fatigue Test
The cyclic fatigue test was assessed using a custom-made device that allowed a reproducible simulation of an instrument confined in a curved canal, similar to that previously described (8) . It consists of an artificial canal with a 60
angle, a 5-mm radius of curvature with a 0.4-mm diameter at the most apical portion, and a 0.06 taper. The center of the curvature was 5 mm from the tip of the instrument, and the curved segment of the canal was 5 mm in length. The artificial canal was open in its upper part and covered with tempered glass to prevent the instruments from slipping out.
Ten XP-endo Shaper (lot number DI28) and 10 TRUShape (lot number 0000071756) instruments were activated with a 6:1 reduction handpiece (Sirona Dental Systems GmbH, Bensheim, Germany) powered by a torque-controlled motor (Silver Reciproc; VDW, Munich, Germany). The electric handpiece was mounted on a device to allow a precise and reproducible placement of each file inside the simulated canal. All instruments were driven following the manufacturer's instructions (800 rpm and 1 Ncm torque for the XP-endo Shaper instruments and 300 rpm and 3 Ncm for the TRUShape instruments) until fracture occurred. The instruments rotated freely within the simulated canal, which was filled with warmed distilled water (37 C). All procedures were performed at 37 C inside a cabinet. The time was recorded and the experiment stopped as soon as a fracture was detected visually and/or audibly. The number of cycles to failure (NCF) was calculated by multiplying the rotational speed by the time (in seconds) until fracture occurred.
Torsional Fatigue Test
The torsional load was applied until fracture to estimate the mean ultimate torsional strength and angle of rotation of the instruments (n = 10 for each system) tested using a custom-made device produced following ISO 3630-1 (9). Each file was clamped at 3 mm from the tip using a chuck connected to a torque-sensing load cell; after that, the shaft of the file was fastened into an opposing chuck able to be rotated with a stepper motor. All instruments were rotated in the clockwise direction at a speed of 2 rpm until file separation. All procedures were performed at 37 C inside a cabinet. The torque load (Ncm) and angular rotation ( ) were monitored continuously using a torsiometer (Odeme, Luzerna, SC, Brazil), and the ultimate torsional strength and angle of rotation at failure were provided by a specifically designed computed program (ODEME Analysis TT, Odeme).
Scanning Electron Microscopic Evaluation
A scanning electron microscope (JSM 5800; JEOL, Tokyo, Japan) was used to analyze the fracture surfaces of all tested instruments in order to observe the fracture mode. Different magnifications were used (Â250 and Â1000).
Statistical Analysis
Because the preliminary analysis of the raw pooled and isolated data revealed a bell-shaped distribution (Shapiro-Wilk normality test), statistical analysis was performed using parametric methods (Student t test). Post hoc pair-wise comparisons were performed using the Tukey test for multiple comparisons. The alpha-type error was set at 0.05. Biostat (Instituto Mamirau a, Tef e, Brazil) was used as the analytic tool.
Results
The XP-endo Shaper instruments showed a significantly longer NCF and time to failure in seconds than TRUShape instruments (P < .05). The maximum torsional strength of the XP-endo Shaper was lower than TRUShape (P < .05). The XP-endo Shaper instruments showed significantly higher angular rotation to fracture than the TRUShape instruments (P < .05). The mean and standard deviations of NCF, time to failure in seconds, maximum torque load, and angle of rotation until fracture occurred for each instrument brand are presented in Table 1 .
Scanning electron microscopy of the fracture surface showed similar and typical features of cyclic fatigue and torsional failure for the 2 brands of instruments. For both tests, the fracture surfaces presented characteristics of the ductile type. The difference in fracture mechanisms led to different surface aspects. In the instruments submitted to the cyclic fatigue test, the microvoids were distributed over the entire surface area. This occurred because of the action of normal stresses inherent of the cyclic fatigue. The torsional failure displayed 2 zones: the first one with microvoids in the center of the instruments (core) and the second one represented by a plastic deformation around the microvoids; this configuration occurred because of the shear stresses originated during the twisting (Fig. 1) .
Discussion
Fracture of NiTi rotary files might occur because of cyclic fatigue or torsional stress (10) . In the first scenario, fracture is produced by repetitive compressive and tensile stress acting on the instrument while it rotates in a curved canal. Torsional fracture occurs when the instrument tip binds to the canal while the base of the instrument continues to rotate (11) . Although it might be difficult to correlate the findings of laboratory tests with a clinical situation because of the amount of variables acting together to result in the fracture of the instrument (12), it is important to access mechanical properties of endodontic instruments in order to Basic Research-Technology present valid information for the clinician (2, 4) . In a comprehensive literature review, there was no study evaluating the cyclic and torsional fatigue resistance of the XP-endo Shaper instrument. For this reason, the aim of the present study was to evaluate these properties of the XP-endo Shaper and to compare them with those obtained by another snake-shaped instrument (ie, TRUShape). In this study, the methodology used to evaluate cyclic fatigue was already validated and used in numerous articles published in peerreviewed journals (9, (13) (14) (15) . It is important to highlight that there are no specifications or international standards for the evaluation of this propriety in NiTi endodontic instruments (12) . According to Plotino et al (12) , the simulated canal should reproduce the instrument size and taper to guarantee that different NiTi instruments may follow a precise and repeatable trajectory in terms of radius and angle of curvature. However, this was not possible in the current investigation because the tested instruments have different tapers. Moreover, the XP-endo Shaper instrument reacts to variations in temperature; at body temperature, it assumes a snake shape that can achieve a final minimum canal preparation of 30/0.04. Therefore, to standardize the testing conditions, the same simulated canal was used for both instruments. The option to perform this test simulating the action of the instruments under body temperature was an attempt to simulate clinical conditions, and it was used in previous studies, especially when the instrument depended on higher temperatures (37 C) to access its optimal properties, such as the XP-endo Shaper and other MaxWire NiTi alloy instruments (16, 17) .
The XP-endo Shaper instrument showed a significantly longer cyclic fatigue life than the TRUShape files (P < .05). Therefore, the first null hypothesis was rejected. The innovative MaxWire NiTi alloy of the XP-endo Shaper instrument might explain this finding. Moreover, the smaller taper of the XP-endo Shaper (0.01 initial taper) when compared with TRUShape (0.06v) and the differences in the crosssectional design should be taken into account for the current outcomes. Although the XP-endo Shaper instrument has a considerably small taper, its innovative NiTi alloy allows the instrument to reach a minimum canal shaping of 0.04 taper. The higher cyclic fatigue resistance of the XP-endo Shaper instruments showed that these instruments were extremely flexible. Thus, it can be hypothesized that they could be safe and produce fewer undesirable changes in the root canal anatomy during the preparation of curved root canals. Considering the different rotation speed between the instruments, one may argue that the heat energy produced may be different and this might lead to a temporary increase of temperature, which may have some influence in the results. However, Pedull a et al (18) evaluated the effect of rotational speed on cyclic fatigue of Mtwo (VDW) instruments and showed that speed did not affect the fatigue life of these instruments. Nevertheless, the XP-endo Shaper was driven with a higher rotation speed and still showed better cyclic fatigue results when compared with TRUShape.
The methodology used in the torsional fatigue test was also reported and validated in previous studies (19, 20) . A limitation of this methodology was that the device used in the present study could not be submersed into water at 37 C. However, the instruments were tested inside a cabinet at 37 C. The results of the torsional fatigue test showed that the maximum torsional strength of the XP-endo Shaper was lower than TRUShape (P < .05). Therefore, the second null hypothesis was also rejected. This finding indicates that TRUShape is more resistant to torsional fracture than the XP-endo Shaper and requires a higher strength to fracture. This might indicate a lower chance of the TRUShape instrument to fracture in a clinical situation when its tip binds to the canal. This is probably related to TRUShape's larger cross-sectional area and the type of alloy used in its manufacture. Previous studies showed that instruments with a larger cross-sectional area generally showed higher torsional strength (21, 22) . The other outcome of the torsional fatigue test showed that the XP-endo Shaper showed significantly higher angular rotation to fracture than TRUShape (P < .05); therefore, the third null hypothesis was denied. This result is in accordance with the other parameters tested and may be explained by the higher flexibility of the XP-endo Shaper when compared with TRUShape. The higher angular distortion of the XP-endo Shaper could be helpful for the clinician as an indicator of plastic deformation and imminent fracture (20, 23) . It is important to emphasize that according to the manufacturer's instructions, a previous glide path to a minimum ISO 15/0.02 is necessary before using the XP-endo Shaper instrument. This preenlargement could reduce its torsional stress.
Conclusions
Under the conditions of this study, it can be concluded that the XPendo Shaper showed a higher cyclic fatigue resistance when compared with TRUShape. In the torsional fatigue test, the XP-endo Shaper instruments presented a higher angle of rotation to fracture but lower torque to failure than the TRUShape instruments.
